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ABSTRACT
Fast-growing tree species are important due to their short growth time before they are harvested. 
Both the Poplar and Eucalyptus species are fast-growing trees. These two species have been cultivated 
in many parts of the world, and they are used in several ways, including in the pulp and paper industry, 
as wood-based panels, and as structural composite lumber. In this study, laminated veneer lumbers 
were produced using different combinations of Poplar (Populus x euramericana I-214) and Eucalyptus 
(Eucalyptus grandis) veneers. Some physical and mechanical properties, including density, thickness 
swelling, water absorption, modulus of elasticity, modulus of rupture, impact bending, and bonding 
performance were investigated. According to the test data that were obtained, the mechanical properties 
of laminated veneer lumbers produced with Eucalyptus were greater than those of laminated veneer 
lumbers produced with Poplar. When the two were combined and Eucalyptus was used as the top 
and bottom plies, the mechanical properties also were better than those of Poplar laminated veneer 
lumbers. As a result, it can be said that both Poplar and Eucalyptus veneers can be used to produce 
laminated veneer lumbers, and Poplar laminated veneer lumbers can be reinforced with Eucalyptus 
veneers.
Keywords: Eucalyptus grandis, physical properties, mechanical properties, Populus x 
euramericana, reinforcement.
INTRODUCTION
Some trees grow faster than other trees, and these trees are named fast-growing trees. The fast-
growing trees include Eucalyptus, Acacia, Pinus, and Poplar trees, and the mean annual increment of 
these species is in the range of 5-40 m3/ha/year (Cossalter and Pye-Smith 2003).
Naturally-grown forests are decreasing enormously due to the extensive use of wood and the rapid 
growth of the population (Anonym 2006). Fast-growing tree plantations are being established in many 
parts of the world to overcome the shortage of wood. Poplar, Pinus, and Eucalyptus plantations have 
been established in many countries due to their advantages of short production time and low cost. 
Plantations of fast-growing trees are being used increasingly for the commercial production of 
reconstituted products, such as hardboard, particleboard, medium density fiber board (MDF), oriented 
strand board (OSB), and laminate strand lumber (LSL) (Cossalter and Pye-Smith, 2003). Another 
commercial, wood-based product is LVL.  LVL is manufactured from softwood species and low-
to-medium density (290-690 kg/m3) hardwood species of trees. For example, Populus tremuloides, 
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Populus balsmifera, Liriodendron tulipifera, Acacia mangium, Gmelina arborea, Albizia falcata, and 
some Eucalyptus species have been used or tested for use in the manufacture of LVL (Ozarska 1999). 
LVL is a structural material, and it is used extensively in the construction of residential and commercial 
buildings in the U.S. and Canada.  It has been reported that about 29% of all LVL is used in I-beam 
flanges, while 64% is used as heavy-duty beams and headers over windows and doors (Anonymous 
2009).
In some previous studies, experiments have been conducted with some of the fast-growing species 
of trees that are used extensively to manufacture veneer-based composite materials. For example, some 
researchers have investigated the fast-growing species of hybrid Poplar (Baldassino et al. 1998, Bao 
et al. 2001) and Eucalyptus (Dias and Lahr 2004, Iwakırı 2006, Júnior et al. 2009, Saviana et al. 
2009, Bal and Bektaş 2012a, b). In addition, in some previous studies, it was stated that Eucalyptus 
LVL has mechanical properties that are superior to those of Poplar LVL (Bal and Bektaş 2012a, b). 
But no previous study has investigated the characteristics of a combination LVL made of Eucalyptus 
(Eucalyptus grandis) and Poplar (Populus x euramericana I-214).  The use of veneers made of fast-
growing Eucalyptus and Poplar trees in different combinations to produce LVL can provide some 
significant benefits, such as low cost and better performance.  Thus, the main aim of this study was to 
evaluate selected physical and mechanical properties of Eucalyptus LVL, Poplar LVL, and LVLs made 
by combining the veneers of these two fast-growing species.   
MATERIALS AND METHODS
Materials
Eucalyptus (Eucalyptus grandis W. Hill ex Maiden) logs were obtained from the Karabucak-Tarsus 
region in Turkey, and the Poplar (Populus x euramericana I-214) logs were obtained from Karabük 
region. The Eucalyptus logs were steamed at 80 oC for 15 h. The Poplar logs were not steamed. Then, 
3-mm thick rotary-peeled veneers were obtained from the logs and dried in a plywood factory until the 
moisture content was 7±1%. The veneers were classified visually based on the sizes of the defects that 
were observed. 
Phenol formaldehyde (PF) adhesive (Polifen 47) was obtained from Polisan A.Ş. to produce the 
LVL boards. Some properties of the PF adhesive were as follows: specific gravity of 1.2 at 20 °C; solid 
content of 47±1%, pH of 11-13, viscosity of 250-500 Cp at  20 °C, and gel time of 10-20 min at 105 
°C. No additives or fillers were used with the PF adhesive. 
LVL production
A manual roller was used to apply the adhesive to the loose surfaces of the veneer in the amount of 
200 g/m2. After the adhesive was applied, the veneer sheets pressed together parallel to each other, with 
seven veneer sheets with a nominal size of 600 × 600 × 3 mm3 (length × width × thickness) for each 
LVL board. The loose side of the veneer was placed towards the center of the boards. Four LVL boards 
were produced for each group. The LVL boards were pressed in a laboratory press for 24 min. Because 
Poplar wood has a lower density than Eucalyptus, the press pressures for group A, B, C, and D were 
7, 7, 7, and 12 kg/cm2, respectively. After pressing, the LVL boards were stored for five days to cure. 
Then, samples were cut from the boards for use in the physical and mechanical tests. For each test, the 
same numbers of test samples were cut from each board to ensure homogeneity. In addition, edgewise 
and flatwise test samples for bending tests (as can be seen Figure 1) and impact tests were prepared side 
by side for each group. Figure 1 shows the four different test groups. The first group contained only 
poplar veneers. The second group had two plies (top and bottom surfaces) of Eucalyptus veneers and 
five plies of Poplar veneers. The third group contained four plies of Eucalyptus (two on the top surface 
and two on the bottom surface) and three plies of Poplar veneers. The fourth group only contained 
Eucalyptus veneers.
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Figure 1. Combination of LVL boards.
Method
Tests were conducted according to TS EN 323 and TS EN 317 to determine the air-dried density and 
the thickness swelling-water absorption, respectively. Before the tests, the samples were conditioned in 
climatic chamber at 20 °C and 65% relative humidity for five weeks.
The three-point bending tests were conducted according to TS EN 310. The width, thickness, and 
length of the test samples were approximately 20, 20, and 300 mm, respectively. Bending tests were 
conducted in flatwise and edgewise directions with 15 samples from each of the test groups (Figure 2). 
Figure 2. The three-point bending test diagrams in flatwise and edgewise directions.
The tensile-shear strength was tested according to TS EN 314-1 and TS EN 314-2. The thickness, 
width, and length of the test samples were 20, 25, and 100 mm, respectively. Two 3-mm grooves were 
cut on either side to a depth of three plies. The glue shearing area was maintained at 25 x 25 mm, and 
two tests groups were prepared. Fourteen test samples were prepared for each group. The first group 
was tested after pre-treatment with cold water for 24 h. The second group underwent pre-treatment 
with cold water for 24 hr and with boiling water for 4 h, after which the samples were dried in an oven 
for 20 h and treated with boiling water again for 4 h. The samples were tested after this process was 
completed.  
 
    Impact bending strength was determined according to TS 2477. Impact bending strength was tested 
in flatwise and edgewise direction at span to depth ratio was 12. The width and thickness of test samples 
were 20 and 20 mm, respectively, and the length was 300 mm. The span length was 240 mm. Impact 
bending strength was measured on an Amsler pendulum impact test machine. 
The compression ratio of the veneer sheets after the press process was also calculated. The 
dimensions and weights of all of the veneer sheets were measured and their densities were calculated. 
After the test samples were prepared, they were conditioned in the climatic chamber at 20 °C and 65% 
relative humidity for five weeks. At the end of this period, the dimensions and weights of the samples 
were measured to calculate the density of the LVL boards. Compression ratio (CR) and densification 
ratio (DR) was calculated as shown below:  
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where CR is the compression ratio, TV is the thickness of the total veneer (mm), and TB is the 
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where DR is the densification ratio, DV is the density of the veneer (kg/m
3), and DB is the density 
of the board (kg/m3).
Statistical Analysis
The obtained data were analyzed using one-way ANOVA for tested properties (p = 0,05) from the 
SPSS statistical software program, and significant differences between groups were determined by 
Tukey Multiple Comparison Test (α = 0,05).  
RESULTS AND DISCUSSION
Physical properties
The total thickness of the veneer for each group, the thickness of the LVL board, the compression 
ratio, the density of the veneer, the density of the LVL board, the densification ratio, thickness 
swellings, and water absorption percentages are shown in Table 1. The data in Table 1 indicate that the 
compression ratio and the densification ratio of group A were the highest, and these values were the 
lowest for group D. Press pressure affected the compression ratio, i.e., as the press pressure increased, 
the compression ratio increased. Similar results were reported by Kurt and Cil (2012). However, press 
pressure and the amounts of adhesive, filler, and additives affected the densification ratio. Therefore, 
the densification ratios were determined to be greater than the compression ratios for all of the groups. 
Similar results were reported by other researchers (Bao et al. 2001, Wang and Chui 2012). Another 
factor that affected the compression ratio and the densification ratio was the density of the wood. At 
the same press pressure, the compression ratio of lower-density wood was greater than that of higher-
density wood. Although the pressure used for Poplar LVL (7 kg/cm2) was lower than that used for 
Eucalyptus LVL (12 kg/cm2), the density of the Poplar LVL made its compression ratio greater than 
that of Eucalyptus LVL.  
The thickness swellings and water absorption percentages are shown in Table 1. At the end of 
the 2 h immersion, the lowest percentages were obtained for the LVLs in group D, and the highest 
percentages were obtained for the LVLs in group A, and the differences were significant (p < 0,05). 
These percentages for Groups B and C were not significantly different. One reason of this result was 
the permeability of the veneers, and Poplar veneers are more permeable than Eucalyptus veneers. As 
a result, the water absorption of Poplar LVL (group A) and Eucalyptus LVL (group D) were 19,7 and 
6,7%; respectively and the differences were significant (p < 0,001). There was a positive relationship 
between thickness swellings and water absorption percentages. Another reason for this result was the 
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effect of press pressure on the compression ratio. As the pressure increased, the thickness swelling 
of the board increased (Özen 1981, Kurt and Cil 2012). However, it was no feasible to separate out 
the individual effects of permeability and press pressure on thickness swelling. But, after the 24-h 
immersion, the thickness swelling of group D was greater than that of group A, and the differences 
were significant (p < 0,001). Water absorption by group D reached 23%. At the end of this period, the 
wood fibers of the Eucalyptus test samples were saturated with water, and they swelled in the direction 
of thickness. The thickness swellings of groups A and D were determined to be approximately 2,1 
and 2,6%, respectively. Eucalyptus LVL swelled more than Poplar LVL, which was expected due to 
the density of Eucalyptus. It is well known that greater-density wood swells more than lower-density 
wood. Similar results were reported by other researchers concerning this issue (Uysal 2005, Bal 2013). 
In addition, veneer drying temperature affects the veneer-water relationships. Concerning this issue, 
Aydın (2014) studied the effects of veneer drying at high temperature on equilibrium moisture content, 
and reported that high temperature veneer drying caused a significant decrease in equilibrium moisture 
content values of plywood produced from Beech, Spruce and Alder veneers.
Table 1. Physical properties of veneers and LVL boards and Tukey results of TS and WA.
TV TB CR DV DB DR TS-2 WA-2 TS-24 WA-24
mm mm % kg/m3 kg/m3 % % % % %
Group A
7-ply 
Poplar
21,42 19,22
10,3
340 419 23,1 1,22a1 19,69a 2,09a 59,56a
(0,02) (0,14) (24) (13) (0,49)2 (2,69) (0,25) (3,90)
Group B
1E+5P+1E
21,46 19,53
9,0
420 497 18,5 1,08ab 14,33b 2,35b 43,14b
(0,03) (0,20) (96) (20) (0,48) (2,29) (0,37) (3,99)
Group C
2E+3P+2E
21,15 19,63
7,2
450 523 16,3 1,12ab 12,55b 2,44b 36,40c
(0,02) (0,30) (92) (26) (0,21) (2,40) (0,23) (4,01)
Group D
7ply Euc,
21,30 19,77
7,2
535 616 15,1 0,87b 6,68c 2,59b 23,23d
(0,03) (0,35) (52) (27) (0,37) (1,38) (0,35) (3,60)
 
Tv: total thickness of the veneer for each group; TB: thickness of the LVL board; CR: compression ratio; DV: density of the
veneer; DB: density of the LVL board; DR: densification ratio; TS: thickness swelling; WA: water absorption percentage.1Means followed by the same letter are not significantly different
2Standard deviations are shown in parentheses
Mechanical properties
The mechanical properties, such as modulus of rupture, modulus of elasticity, impact bending 
strength, and tensile-shear strength are shown in Table 2. Bending strength tests were performed in 
both the flatwise and edgewise directions. The data in Table 2 show that the MOE and MOR values of 
group D were the highest, and the values of group A were the lowest for both the flatwise and edgewise 
directions. The differences between the two groups were statistically significant (p < 0,001). The MOE 
and MOR values of group B were greater than those of group A for both the flatwise and edgewise 
directions. The differences between groups A and B were significant (p < 0,001). The differences 
between the MOE values were greater than the differences between the MOR values. Group B consisted 
of two-ply Eucalyptus and 5-ply Poplar veneers. In the bending tests, there were three zones on the 
test samples, i.e., compression zone, neutral axis, and tension zone. Breaking occurred on the bottom 
surface of the tension zone and at the subsurface of the samples. When the test was conducted in the 
flatwise direction, first, the bottom surface of the samples were forced, rupture occurred, and the test 
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ended. Therefore, the stronger the bottom surface veneer was, the greater the bending strength became. 
Eucalyptus grandis veneers have greater bending strength than Poplar veneers (Bal and Bektaş 2012b, 
2014). As a result, groups B, C, and D had greater bending strengths than group A. However, in tests 
conducted in the edgewise direction, all of the veneers acted together as one body. During the test, 
first, the bottom edges of the veneers ruptured. Then, continuing the test resulted in the rupture of the 
entire body of the sample. Concerning this issue, Wang and Dai (2005) stated that edgewise MOE 
and MOR values depended on the MOE value of each constituent veneer sheet, whereas the flatwise 
bending strength properties were dominated by the MOE values of the face veneers. It is well known 
situation that wood based composite materials such as structural composite lumbers (SCLs), plywood 
and OSB have different properties in parallel and perpendicular grain directions. In a previous study, 
Mendes et al. (2015) studied the properties of OSB panels with veneer inclusion, and noted that the 
face veneers bonded to surface of OSB panels effect the MOE and MOR values of OSB panels. In 
addition, Demirkır and Çolakoğlu (2015) reported that lateral nail strength of plywood panels produced 
from pine veneers was significantly different in perpendicular and parallel directions. 
The MOE and MOR values of all groups were greater in the flatwise direction than in the edgewise 
direction (Table 2). The important reason for this discrepancy was the pressing direction. Similar results 
were reported by some other researchers (Wang and Dai 2005, Bal and Bektaş 2012a,b, Bal 2014a). 
Table 2. Results of MOE, MOR, IB, and TSS.
MOE MOR MOE MOR IB TSS
Flatwise Edgewise Flatwise Edgewise Cold water Boiling water
           MPa kgm/cm2       MPa
Group A
5433a1 66,1a 4902a 63,3a 0,30 a 0,25 a 2,56 2,21
(733)2 (6,3) (334) (4,0) (0,07) (0,05) (0,36) (0,31)
Group B
8842b 79,2b 6374b 71,0b 0,41 b 0,37 b - -
(707) (8,0) (410) (4,7) (0,08) (0,10) - -
Group C
9351b 85,9b 7069c 82,0c 0,48 bc 0,42 bc 2,36 2,09
(847) (7,9) (831) (6,0) (0,13) (0,08) (0,59) (0,61)
Group D
10554c 100,4c 8701d 88,5d 0,52 c 0,49 c 4,28 3,37
(1306) (13,2) (744) (8,6) (0,05) (0,07) (1,47) (0,59)
Significance 
Level
*** *** *** *** *** ***
1Means followed by the same letter are not significantly different
2Standard deviations are shown in parentheses
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Figures 3, 4, 5, and 6 show the relationship between MOE and MOR values that were determined. 
The Figures also present the regression equation and the coefficients of determination (R2) between 
MOE and MOR. The Figures show that the coefficients of determination between MOE and MOR in 
the edgewise directions were greater than those in the flatwise direction. This discrepancy between the 
flatwise and edgewise directions resulted from the pressing direction that was used, as stated earlier. 
Similar reasons were stated concerning this issue by Wang and Dai (2005).  
In most structures, such as roof trusses and floor joists, the wooden members are bent edgewise. 
For specific applications, such as scaffold planks, the flatwise bending values of MOE and MOR are 
critical (Steffen et al. 1997). For this reason, many researchers have conducted experiments with LVL 
in both the edgewise and flatwise directions, and the relationship between the MOE and MOR values, 
or the bending properties and density, were determined. For example, Saviana et al. (2009) tested the 
bending properties of LVL produced from Eucalyptus grandis and determined relationship between 
MOE and density at an R2 value of 0,37. 
Table 2 provides the test results of impact bending (shock resistance). The most remarkable result 
is that the impact bending of Eucalyptus LVL (group D) were double that of the Poplar LVL in both 
flatwise and edgewise directions. The differences were statistically significant (p < 0,001).  The other 
remarkable result was that the impact bending in the flatwise direction was greater than that in the 
edgewise direction for all groups. Group B was statistically different from group A. Remarkable 
increases were obtained using Eucalyptus veneers only. The percentage increases in the flatwise and 
edgewise directions were 37 and 48%, respectively.  
Mechanical properties, such as static bending and impact bending strength, are crucial for load-
bearing components. But, LVL produced with poplar and other low density wood species has lower 
impact bending strength. For this reason, some modification methods have been tried by researchers. 
For example, Chui et al. (1994) studied the reinforcement of  Poplar LVL using the resin impregnation 
method, and some important results were reported. A similar study was conducted with pine veneer 
using PF resin (Wang and Chui 2012).  In another study, San and Tahir (2003) reinforced low-density 
veneer LVL using high-density veneer. Similarly, Wong et al. (1996) studied the properties of rubber 
wood LVL reinforced with Acacia veneers. Another modification method for veneer is the densification 
process. Gaff and Gasparik (2015) studied densified beech veneers, and they noted that densification of 
veneers has important effects on their bending properties. Similar results were reported by Bekhta et al. 
(2009) and Bekhta et al. (2012). Glass fiber fabric also was used to reinforce poplar LVL. Reinforced 
poplar LVL with glass fiber fabric was produced to obtain more powerful poplar LVL (Yanagawa et al. 
1995, Ribeiro et al. 2009, Bal 2014a,b). 
Tensile shear strength was tested to evaluate the bonding performance of Poplar-Poplar veneer 
(group A), Poplar-Eucalyptus veneer (group C), and Eucalyptus-Eucalyptus veneers (group D). It is 
well known that different types of veneers, especially veneers that have lower and greater densities, 
may not be bonded very well to each other. Table 2 gives the results of the tensile shear strength tests. 
The highest bonding performance was obtained for group D, and the lowest was obtained for group C. 
These results were expected because of the greater density of Eucalyptus veneers. It is well known that 
the greater the veneer density is, the greater the tensile shear strength is.  Similar results were reported 
by other researhers (Özen 1981, Örs et al. 2002, Hashim et al. 2011, Bal and Bektaş 2014). Group B 
was not tested for shear strength.  All tensile-shear strength results for groups A, C, and D were greater 
than 1 MPa, which is the boundary value according to TS EN 314-2, and this value is deemed to be 
adequate for requirements in specific usage areas. 
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Figure 3. Relationship between MOE and MOR for group A: A, flatwise; B, edgewise.
Figure 4. Relationship between MOE and MOR for group B: A, flatwise; B, edgewise.
 
Figure 5. Relationship between MOE and MOR for group C: A, flatwise; B, edgewise.
 
 
Figure 6. Relationship between MOE and MOR for group D: A, flatwise; B, edgewise.
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CONCLUSIONS 
In this study, some technological properties of LVL produced with poplar and Eucalyptus veneers 
using PF resin were investigated. Based on the data that were obtained, we reached the following 
conclusions: The WA of groups with Eucalyptus veneers (groups B, C, and D) were lower than that of 
the poplar LVL (group A). The mechanical properties of the LVL groups that used Eucalyptus veneers 
had greater bending properties than poplar LVL (group A).  Using only one veneer sheet on the surfaces 
(group B) increased the mechanical properties of LVL significantly. Therefore, it can be said that poplar 
LVL can be reinforced with Eucalyptus veneers. Mechanical properties (MOR, MOE, and IB) in the 
flatwise direction were greater than in the edgewise direction. The most differences between directions 
were measured for the MOE values. The relationships between MOE and MOR were more powerful 
in the edgewise direction than in the flatwise direction. The bonding performances of Poplar-Poplar 
veneers, Poplar-Eucalyptus veneers, and Eucalyptus-Eucalyptus veneers were evaluated according to 
related European standards. In addition, the utilize poplar and Eucalyptus trees in the production of 
LVL is an important issue due to their low cost due to their being fast-growing tree species.  
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